EM analysis revealed that the cell-specific turning is pathways appears to be controlled by a combination preceded by extensive filopodial contact with specific of long-range guidance (the Robo code determining axons. For example, the filopodia of the G growth cone region) and short-range guidance (discrete local cues contact the initial four axons in the lateral A/P fascicle determining specific location within a region).
axons express Robo3 (with one exception; see below). The ‫05ف‬ lateral axons express Robo2. Most lateral axWhile the high level of Robo2 is restricted to the lateral pathways, we also detect a lower level of Robo2 expresons express Robo2 and Robo3, with one exception; the most lateral axon bundle of ‫01ف‬ axons expresses high sion on some of the intermediate pathways (the more lateral ones). This is most easily visualized using further levels of Robo2, but is largely or completely devoid of Robo3 ( Figure 2B Figure 2D ). Figure 7A ).
The role of Robo3 in lateral positioning was examined using RNA interference (RNAi). The validity and specificity of the RNAi technique for these phenotypes was confirmed by injecting double-stranded RNA for 1 kb regions of robo and robo2 into wild-type early embryos. The Fas II staining pattern of injected embryos allowed to develop until stage 16 closely resembles that of the robo and robo2 mutants generated by conventional genetic techniques ( Figures 3B, 3C, and 4) . The severity of the phenotypes can vary within an embryo, tending to be stronger near the posterior end where the dsRNA is injected, but in no case was the RNAi phenotype substantially more severe or qualitatively different from the genetic mutant. This confirms that RNAi is specific for the Robo family member gene to which it is targeted, and does not affect these closely related genes.
Injection of robo3 dsRNA causes the stage 16 embryo to have two Fas II longitudinal pathways instead of three ( Figures 3D and 4) elav-GAL4 driver) results in a weakly commissureless- ., 1998a, 1998b) , reveal that while most other pathway labels). In this way, precise topography involves a simultaneous reading of both long-range and Slit remains around the midline glia, some Slit diffuses away from the midline. In particular, Slit staining is seen short-range guidance cues (Figure 7) . Neither on its own is sufficient to generate the precision of longitudinal around longitudinal axons in the CNS neuropil, and this staining disappears in a slit mutant. axon pathways. The Robo code sends axons to a particular region of the neuropil, and then local cues within
The existence of a Slit gradient has been functionally revealed by analysis of the migration of muscle precurthat region determine precise location. It should be noted that all of our data pertain to the medial-lateral sors just outside of the CNS. Muscle precursors normally migrate away from the midline along the inner surface axis of the Drosophila CNS (probably akin to the circumferential axis of the vertebrate CNS). As yet, we know of the developing CNS; some of these muscle precursors stop just lateral to the CNS on the epidermis where nothing about how axon position along the dorsalventral axis of the Drosophila CNS is specified (akin to they form ventral muscles. In a slit mutant, the mesodermal cells that form the ventral muscles fail to migrate the pial-luminal axis of the vertebrate CNS).
A minority of axons do not cross the midline, and away from the midline (Kidd et al., 1999). The same phenotype is seen in a robo, robo2 double mutant (Sunthey express their cell-specific combination of Robo receptors on their surface from the outset. However, the ita Kramer and J. H. S., unpublished results). Thus, mesodermal cells appear to migrate many cell diameters majority of axons do cross the midline, and the Robo code is not expressed on their surface until after they away from the midline by crawling down the diffusible gradient of the Slit repellent; they use both Robo and do so. The timing of surface expression after they cross the midline appears to be regulated posttranscriptionRobo2 as receptors. In a second set of functional studies, a muscle proally and possibly controlled by cell interactions (Kidd et  al., 1998a, 1998b) . The Comm protein is an important moter (24B-GAL4) was used to express a chimeric Slit receptor in these migrating muscle precursor cells. The component of this regulatory system (Tear et al., 1996; Kidd et al., 1998b). All CNS neurons appear to express chimeric receptor, called Robo-Fra (for Robo-Frazzled), contains the ectodomain from Robo (which binds Slit) robo mRNA, but the protein only appears on the axon surface at a high level after axons cross the midline. and the cytoplasmic domain from Frazzled (the DCC homolog that sends an attractive signal) (Bashaw and In contrast, the cell specificity of Robo3 and Robo2 expression appears to be regulated at the level of gene Goodman, 1999). Using the GAL4 system, the chimeric receptor was turned on around the time that the muscle expression. In situ hybridization shows that the robo3 and robo2 mRNAs are expressed in a cell-specific fashprecursor cells have migrated laterally off the inner surface of the CNS. Once these mesodermal cells begin to ion (Simpson et al., 2000) . As with Robo, so too with Robo3 and Robo2, protein expression is temporally regexpress the novel receptor that detects Slit but interprets the signal as attractive, these cells turn around ulated and appears after axons cross the midline. and migrate back toward the midline on the opposite (outside) surface of the CNS at the interface with the Evidence for the Presumptive Slit Gradient epidermis. All of these conclusions are based on the presumption Taken together, these results strongly argue for the of a Slit gradient emanating from the midline. We cannot presence of a Slit gradient emanating from the midline. directly observe this gradient, and so we do not know This gradient can be detected by migrating mesodermal its shape or extent. As with most other presumptive cells on both sides of the developing CNS as far away diffusible signals in the developing organism, it is very as the lateral edge of the CNS. We reasoned that if the difficult to directly show a gradient of this secreted promigrating mesodermal cells outside the CNS can detect tein in the embryo. Moreover, it has also been difficult the Slit gradient emanating from the CNS midline, then for us to increase the slope of the gradient. Although surely the navigating axons within the CNS must be we have been able to successfully manipulate the levels able to detect the same Slit gradient within the neuropil. of Robo receptors throughout the embryo, and can ecMoreover, we can detect Slit protein throughout the topically express Slit in all neurons to generate a level neuropil region where growth cones make their lateral playing field (Kidd et al., 1999) If there was a second opposing gradient, we might the Slit gradient), or in their cytoplasmic domains (and thus have different abilities to signal), or both. What are expect to see some evidence for it in the resulting phenotypes when we add or subtract Robo receptors, but the key differences that allow them to drive axons to different lateral regions? Both of these receptors (Robo3 we do not. While none of these observations disproves the existence of an opposing gradient, taken together, and Robo2) differ from Robo in some quality of their signaling, either having some additional output or missthey do raise the possibility that some other model might be more appropriate. 
